The levels of cytotoxic aldehydic products in different culinary oils, with or without thermal stress, (routine domestic or commercial frying) were determined by thiobarbituric acid method. The results showed that (i) thiobarbituric acid reactivity was much higher in edible oils rich in polyunsaturated fatty acids than those rich in saturated fatty acids or monounsaturated fatty acids, even without thermal stress, (ii) the lipid peroxide levels were in proportion to the duration of thermal stress, (iii) nature of the container used (steel, iron or teflon-coated) had no significant effect on the extent of lipid peroxidation under identical conditions of thermal stress and (iv) thermally stressed oils collected from hotels and roadside caterers contained higher levels of cytotoxic aldehydic products, when compared to oils thermally stressed under domestic frying conditions. These results suggest that dietary ingestion of thermally or autoxidatively stressed polyunsaturated fatty acid rich culinary oils is more harmful compared with those similarly treated oils rich in saturated fatty acids and monounsaturated fatty acids.
INTRODUCTION
Lipid peroxidation is oxidative deterioration of polyunsaturated fatty acids (PUFA), i.e. those which contain two or more double bonds. Oxygen-dependent deterioration leading to rancidity has been recognised as a problem in the storage of fats and oils and is more relevant today with the popularity of PUFA rich margarines and cooking oils. The dietary consumption of saturated fats has, in recent years, been regularly cited as a major factor in the pathogenesis of atherosclerosis and its associated sequelae, namely, ischemic heart disease (IHD) and peripheral vascular disease (1). However, it is now generally recognised that the replacement of saturated fats by vegetable oils containing high levels of PUFA may also render the individuals susceptible to cardiovascular diseases (2). PUFA rich groundnut oil has been shown to be pro-atherogenic whereas cocoa butter which contains high levels of saturated fatty acids (SFA), is much less atherogenic than expected (3) . PUFA peroxidise easily with the formation of highly toxic products such as peroxides and aldehydes. Recently, Haywood et. al. (4) have shown that heating of culinary oils to 180 ~ C generated a variety of peroxidation products such as aldehydes (alkanals, trans-2-alkenals and alka-2,4-dienals) and their conjugated hydroperoxy diene precursors. Such aldehydic products are found to be absorbed from the gut into the systemic circulation (1).
In view of the above reports, it was considered essential to determine the lipid peroxide levels in oils having varied PU FA content, with and without thermal stress. The studies were conducted by changing the nature of the vessel and by varying the duration of thermal stress. The study was extended to cover thermally stressed oils collected from hotels and roadside caterers.
MATERIALS AND METHODS
All the chemicals used were commercial products of highest analytical grade available in India.
The culinary oils with thermal stress (obtained after deep frying of food items) and without thermal stress were collected from the staff of our college (domestic frying), college canteen, roadside caterers and hotels of Mangalore (commercial frying). Frying temperatures ranged from 170 to 190~ All culinary oils used for the study, except coconut oil, were of refined variety. Thiobarbituric acid (TBA) reactivity in the culinary oils was determined by following the method of Luotola (5). To 0.2ml oil was added 2ml of 2-thiobarbituric acid (0.67%w/v) followed by 2ml of trichloroacetic acid (10% w/v). After mixing, the tubes were kept in the boiling water bath for 15 min, cooled to 20 ~ C and centrifuged (2000g for 10 min). The TBA chromogens in the aqueous layer were measured at 532nm against appropriate blanks.
(5). It has been shown that the formation of peroxides and carbonyls is markedly inhibited in cod-liver oil when it is supplemented with vitamin E (5).
TBA reactivity of different oils thermally stressed for domestic and commercial purposes (hotels and roadside caterers) is presented in Table 2 . Oils thermally stressed domestically at 180-190~ for about 15-20 min. showed TBA reactivity ranging from an absorbancy of 0.04 to 0.26, highest value being for sunflower oil which is richest in PUFA among the oils used and lowest for coconut oil. No significant differences in TBA reactivity were observed between unrefined sesame oil and groundnut oil, and their refined varieties, under domestic frying conditions (data not shown). The lipid peroxide levels of oils collected from hotels and roadside caterers were much higher (124-170 %) than the oils thermally stressed during domestic deep frying. The frying temperatures of commercial frying were in the same range as that (3) 170 Mean :1: SD of (n) observations. Time duration of thermal stress: Domestic-15 to 20 min., Commercial -2 to 3 hrs.
with identical conditions of heating (Table 3) the induction and development of atherosclerosis in humans.
An approach to solving the dietary problems outlined above may be the commercial fortification of vegetable~derived culinary oils with lipid-soluble, chain-breaking, dietary antioxidant such as c~-tocopherol. However, it is indicated that (~-tocopherol content of culinary oils subjected to thermal stress is substantially depleted (2). In addition, it is also noted that the concentrations of cz-tocopherol naturally present in culinary oils are insufficient to protect PUFA against oxidative deterioration induced by heating (1).
It is concluded from the present study that, for deep frying, it is safer to use culinary oils with low levels of PUFA than those with the higher. However, in order to meet the requirements for essential fatty acids, oils rich in PUFA may be consumed, either unheated or with shallow frying. The dietary consumption of unheated oils (mostly other than butter and coconut oil) is not a common practice. Consumption of oil seeds such as groundnut and sesame without deep frying could be considered as an alternative to meet the dietary requirements for essential fatty acids.
